Background: The entomofauna found on animal carrion, which is used as vertebrate model, can help in the estimation of postmortem interval (PMI). The aim of this study was to determine the succession pattern of insects on carrion in outdoor and indoor habitats in Fars Province, southwestern Iran. Results: A total of 19 species from nine families were collected. Chrysomya albiceps and Musca domestica were the first species to visit the outdoor carrion while only Musca domestica was seen on the indoor carrion. Sarcophaga crassipalpis, Lucillia sericata, and Histeridae species were observed exclusively on the indoor carrion while Dermestes maculatus, Piophila casei, and some hymenopteran species were the most dominant species seen on the outdoor carrion. Vespula germanica and Vespa orientalis fed on both outdoor and indoor habitats. Conclusion: Insects' succession pattern was found to differ between the two respective habitats. This is really important and could be used in medicolegal cases to estimate the PMI.
Background
Insects play an important role in forensic medicine, where they are used to estimate the post mortem interval (PMI), which is the time interval between death and recovery of the corpse (Catts and Goff 1992) . Diptera (flies) and Coleoptera (beetles) are the two most important insect orders used in the field of forensic entomology, both orders colonize carrion in a predictable succession pattern; dipteran species are found mainly in the early stage of decomposition, while beetles are found in the later stages (Gennard 2007) . Insects are ectothermic and specifically susceptible to climatic changes. Diversity and succession waves are affected by weather, temperature, relative humidity, body decomposition stage, size, and location of the carrion (Mann et al. 1990; Turchetto and Vanin 2004) . Insect succession pattern in an outdoor environment is quite different from that in an indoor environment. Indoor environments prevent the entomofauna from gaining adequate access on the carrion which affect the decomposition stages (Reibe and Madea 2010; Anderson 2011) . It has been proven that many carrion-frequenting insects in indoor environments are synanthropic (Anderson 2011) . A number of deaths occur inside homes, and deceased persons are often not discovered for some time. In Iran, five out of the 15 human cadavers studied were found inside houses (Moemenbellah-Fard et al. 2018) . Various animal models (domestic pig, rabbit, domestic cat, and rat) have been used for successional studies (Early and Goff 1986; Tomberlin and Adler 1998; Anderson 2011; Zeariya et al. 2015) . Domestic pig is considered to be the most suitable human model for forensic studies (Catts and Goff 1992) .
The aim of this study was to determine the insect succession pattern on a rat carrion in both outdoor and indoor habitats.
Materials and methods

Study sites
The study was conducted in the city of Mamassani, Fars Province, Southwest of Iran (30006′ 51′′ N 51031′ 18″ E). The city is located 150 km north of Shiraz (the capital of Fars Province) with more than 117,000 inhabitants, and characterized by local steppe climate with average annual rainfall of 261 mm. Two habitats, 10 km apart, were chosen for sampling. The first is an outdoor peri-urban habitat with abundant oak trees and wheat fields, and the second is an indoor urban habitat, with open door and window that regulated the access of insects.
Study time
The study was conducted in autumn between September and October, 2017.
Carrion
Permission to conduct this study was granted by the Ethical Committee of Tehran University of Medical Science. For each habitat, two albino rats (180-185 g) were killed by chloroform and placed in a separate metal cage (70 × 40 × 40 cm) with 1.5 cm mesh. Insect's samples were saved during the fresh, bloated, decay, and dry stages of decomposition.
Examination procedure and taxonomic identification
During the study period, samples of insects were collected three times daily (09:00, 16:00, and 22:00 h). Adult flies were collected using insect nets, while adult beetles and larvae were collected using forceps and cotton swabs. For morphological identification, the larvae were divided into two; some were immersed into hot water for 5 min to die and then stored in 70% alcohol, while the remaining larvae were transferred to the laboratory for rearing to adult emergence. Valid taxonomic keys were used for the identification of the samples (Halstead 1963; Bolton 1994; Velásquez et al. 2010; Abbasi 2012; Akbarzadeh et al. 2015; Grzywacz et al. 2017) . Jaccard index was used to assess similarity and dissimilarity ("1" = total similarity and "0" = dissimilarity) between species in each condition. Shannon diversity index (H′ = − [Σ (pi lnpi)], where pi = ni/N [ni is number of specimens of taxon i]) was used to characterize species diversity in each stage of decomposition (Shannon and Weaver 1949) . Data were analyzed using Paleontological Statistics Software Package (PAST) software version 3.14.
Results
Outdoor habitat
A total of 1288 specimens belonging to three orders, eight families, nine genera, and 11 species were collected. The dominant families were Calliphoridae (44.1%), Sarcophagidae (26.5%), Vespidae (10.5%), Muscidae (9.8%), Formicidae (4.1%), Fannidae (2.9%), Dermestidae (1.2%), and Piophilidae (0.9%) respectively. Some species were only found in their adult stages (Fannia canicularis) while others were found both in adult and larval stages.
During the first stage of decomposition (fresh stage), Chrysomya albiceps and Musca domestica were the first visitors seen within 2 h. Vespula orientalis was found on day 4, while Vespula germanica was found on day 2 to 4. The blowfly Ch. albiceps was the dominant species during this stage and was collected together with M. domestica and Sarcophaga africa. During this stage of the decomposition, V. orientalis, a scavenger species was found to attack the dipterans during the daytime. Among the most abundant dipteran species, Ch. albiceps was more active during the night; also, it laid eggs during the fresh stage. The blot stage possessed the highest number of specimens (47.9%), where the dominant species were Ch. albiceps (26.2%), Calliphora vicina (23.1%), and S. africa 22.3% (Fig. 1) . In the third stage of decomposition, the decay stage, precipitation was observed. The activity of some species such as C. vicina did not decrease while significant decrease was seen in the activity of other insect species. During the decay stage, the predominant species were Ch. albiceps (25.9%) and S. africa (22.4%). Adults of the beetle Dermestes maculatus were under the carcasses and beneath the soil at a radius of 1-1.5 m at night. The hymenoptera species Ve. germanica and V. orientalis were captured mainly during the decay stage (Fig. 1) . Diversity analysis indicated higher species richness and species diversity in the decay stage (Fig. 2) . During the last stage of decomposition, dry stage, Messor spp. (28.3%) was the dominant species and Piophila casei was found exclusively in this stage. The adults of P. casei are small and very active, making their collection difficult. They were found near the carrions under the shadow of the rocks. This species is mostly active during the daytime, when the hornets are absent. The succession of species on the carrion is Fig. 1 Number of insect species collected in the outdoor habitat during different stages of decomposition shown in Table 1 . Co-phenetic correlation of insect species in different stages of decomposition based on Jaccard's index is provided in (Fig. 3) .
Indoor habitat
A total of 781 specimens belonging to two orders, five families, seven genera, and eight species were collected. The dominant families are Calliphoridae (53.2%), Sarcophagidae (28.8%), Muscidae (12.2%), Fannidae (3.6%), and Histeridae (2.2%). During the fresh stage of decomposition, the first visitors were seen within 24 h. By day 2 of the decomposition, few numbers of adult flies were found, and the eggs of Lucillia sericata were also found on the carrion. The house fly M. domestica was the dominant species in the fresh stage. During the bloat stage, the highest number of insect species were collected (44.7%) and Sarcophaga crassipalpis was the most abundant species 32.2% (Fig. 4) . Diversity analysis indicates high species richness and species diversity in the bloat stage (Fig. 5) . During the decay stage, the activity of M. domestica ceased completely and the larvae of dipterans left the carrion. A large number of pupae were found at the end of the decay stage. During the dry stage, the activities of the insects decreased drastically and M. domestica was found to be the most dominant species (43.3%). Hister spp. species and D. maculatus were found exclusively in the dry stage. The succession of insect species on the carrion is shown in Table 2 . Co-phenetic correlation for those species in different stages of decomposition based on Jaccard's index is also provided (Fig. 6 ).
Discussion
In this study, the outdoor carrion was found to decompose faster than the indoor carrion. Flies were seen mainly during the early stage of decomposition while beetles were seen at the later stage. The house fly M. domestica was a primary colonizer in the indoor habitat, while Ch. albiceps was in addition seen in the outdoor habitat. This finding is similar to the previous reports from Brazil and Argentina (Carvalho and Linhares 2001; Battán Horenstein et al. 2010 ). The cheese fly P. casei was seen exclusively in the dry stage in the outdoor habitat; this species could be used as a bio-indicator in forensic medicine. However, studies from USA and Thailand on arthropod succession pattern showed that P. casei is active in decay stage between days 5 and 11 (Early and Goff 1986; Vitta et al. 2007 ). Contrary to the present findings, a study in central Argentina showed that this species appeared in spring on the carcasses during the fresh stage of decomposition (Battán Horenstein et al. 2010). Hence, from the studies above, it can be concluded that this species has different succession pattern in different regions.
In the current study, it has also been found that flesh flies colonize the outdoor carcasses later than muscid and calliphorid flies. This pattern is reported by other researchers from different regions (Early and Goff 1986; Vitta et al. 2007 ). The flies S. crassipalpis and L. sericata were observed exclusively on the indoor carcasses. These flies have been seen on indoor carrions from different regions (Goff 1991; Anderson 2011; Baz et al. 2015) . The flesh fly S. africa and the blowfly C. vicina were observed on both outdoor and indoor carcasses, but they were more abundant in the outdoor. The blowfly C. vicina have been reported as an important colonizer on both outdoor and indoor carcasses from Canada. This species is a later arriver on indoor carcasses, but laid eggs immediately on the outside remains (Anderson 2011) . The flesh fly S. africa (Sarcophaga haemorrhoidalis) have been sampled from indoor and outdoor carrions in the early stage of decomposition (Ndueze et al. 2013; Keshavarzi et al. 2015) . The flies S. africa and C. vicina were recorded from both indoor and outdoor human corpses from different regions (Introna et al. 1998; Moemenbellah-Fard et al. 2018) . Dermestid beetles have been previously documented as common species associated with carcass during later stages of decomposition, because they prefer to feed on dried tissues (Miller et al. 1994) . D. maculatus was mainly found on the outdoor carcasses during the later stages of decomposition. A review of 81 human corpses in France showed that this species developed only on human cadavers in outdoor locations (Charabidze et al. 2014) . Our finding is similar to the above study (Early and Goff 1986; Vitta et al. 2007 ). Hister sp. was found on the indoor carcass in the dry stage. This species have been reported on indoor carrions in the later stage of decomposition (Anderson 2011 ). According to a study from Egypt, Hister sp. was discovered during the decay and advanced decay stages of indoor and outdoor carrions (Zeariya et al. 2015) . Histerid beetles and hymenopteran species preyed on fly larvae (Early and Goff 1986; Martinez et al. 2007 ). So, they can be seen at every stage of decomposition. According to a study on rat carrion from southern Iran, decomposition time for carrion lasted for 38 days and Saprinus planiusculus (a histerid beetle) was collected between fresh and post decay stages (Fakoorziba et al. 2017) . In this study, we found that hymenopteran species fed on both carcasses and larvae in the outdoor environment. This finding is similar to a study conducted in Austria, where they reported Ve. germanica as a calliphorid predator (Grassberger and Frank 2004) . Therefore, predation activity of some species may change the succession patterns.
Conclusion
The current study provides basic information in the field of forensic entomology and we conclude that insect composition and succession patterns are different between outdoor and indoor habitats. Furthermore, this study reveals that insects, especially hymenoptera species, mediated the decomposition process of carrion.
Abbreviations C: Calliphora; Ch: Chrysomya; D: Dermestes; L: Lucilia; M: Musca; P: Piophila; S: Sarcophaga; V: Vespa; Ve: Vespula
